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METHOD FOR COATING IMPLANTABLE 
MEDICAL DEVICES 

CROSS-REFERENCE 

This is a divisional application of application Ser. No. 
10/375,497, ?led on Feb. 26, 2003, and Which issued as US. 
Pat. No. 7,255,891, onAug. 14, 2007. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to methods for coating drug delivery 

devices. More speci?cally, the invention is directed to apply 
ing a composition onto an implantable medical device and 
drying the composition at an elevated temperature in an envi 
ronment having increased relative humidity. 

2. Description of the Background 
In the ?eld of medical technology, there is frequently a 

necessity to administer drugs locally. To provide an ef?ca 
cious concentration to the treatment site, systemic adminis 
tration of medication often produces adverse or toxic side 
effect for the patient. Local delivery is a preferred method in 
that smaller total levels of medication are administered in 
comparison to systemic dosages, but are concentrated at a 
speci?c site. Thus, local delivery produces feWer side effects 
and achieves more effective results. 
One commonly applied technique for local delivery of the 

drug is through the use of medicated stents. One method of 
medicating a stent is With the use of a polymer coating incor 
porating a drug. To fabricate the polymer coating, a suitable 
polymer is usually dissolved in a solvent or blend of solvents, 
folloWed by applying the solution onto the stent, for example, 
by spraying or dipping. To complete the process of fabricating 
the stent coating, the stent is dried and/ or baked to remove the 
solvent. 

Examples of solvents currently used to dissolve biocom 
patible polymers for fabricating stent coatings include dim 
ethylacetamide (DMAC), dimethylsulfoxide (DMSO), dim 
ethylfomamide (DMF), and formamide. These solvents or 
similar solvents With relatively high boiling points, for 
example, above 1200 C. at ambient pressure, and/or loW vola 
tility, for example, having vapor pressure under 15 Torr at 
room temperature, have a tendency to evaporate very sloWly. 
Prolonged period of time may be needed to alloW the solvent 
to fully evaporate from the coating because residual or trace 
amounts of the solvent may remain in the coating composi 
tion, Which may produce an adverse response subsequent to 
the stent implantation. Baking of the stent at relatively high 
temperatures may be needed to facilitate the process of the 
solvent removal. The baking temperatures used for this pur 
pose should not exceed the temperature at Which the drug can 
be adversely affected, hoWever. The embodiments of the 
present invention provide methods for facilitating the evapo 
ration of the solvent from the coating composition. 

SUMMARY 

A method for coating an implantable medical device is 
provided, the method comprises applying a polymer compo 
sition onto the device, the polymer composition including a 
solution of a polymer in a solvent, and drying the polymer 
composition for a period of time at a drying temperature 
higher than the room temperature in an environment having 
relative humidity betWeen about 20 % and about 100%. The 
drying temperature can be betWeen about 30° C. and about 
1 10° C. The drying time can be betWeen about 10 minutes and 
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2 
about 240 minutes. The polymers absorbing at least about 1 
mass % or more of Water When exposed to relative humidity 
of about 100% can be used to make the polymer composi 
tions. One example of the polymer that can be used is poly 
(ethylene-co-vinyl alcohol). The solvents having a boiling 
point greater than about 120° C. at atmospheric pressure, or 
having a vapor pressure at 20° C. of less than about 15 Torr, or 
both can be used to make the polymer compositions. 
Examples of the solvents that can be used include dimethy 
lacetamide, dimethylsulfoxide, dimethylformamide, and for 
mamide. 

DETAILED DESCRIPTION 

A coating for an implantable medical device, such as a 
stent, can include an optional primer layer, a drug-polymer 
layer, and an optional topcoat layer. The drug-polymer layer 
can be applied directly onto the stent surface to serve as a 
reservoir for an active agent or a drug Which is incorporated 
into the drug-polymer layer. An optional primer layer can be 
applied betWeen the stent and the drug-polymer layer to 
improve the adhesion of the drug-polymer layer to the stent. 
An optional topcoat layer can be used to reduce the rate of 
release of the drug from the reservoir. 

To fabricate a stent coating, a polymer, for example, can be 
dissolved in a solvent or in a system comprising a mixture of 
solvents to form the polymer solution. One example of a 
suitable polymer is poly(ethylene-co-vinyl alcohol) (sold 
under the trade name EVALTM). The polymer solution can 
then be applied onto the surface of the stent by a conventional 
method, e.g., by spraying or dipping, to form the coating. In 
one embodiment, the solvent can have boiling point greater 
than about 120° C., for example, above about 130° C. at 
atmospheric pressure. In another embodiment, the solvent 
can have vapor pressure at 20° C. of less than about 15 Torr, 
for example, beloW about 10 Torr. In yet another embodiment, 
the solvent can have both boiling point and vapor pressure 
described above. 

Examples of solvents that can be used With EVAL include 
DMAC, DMSO, DMF, formamide, N-methyl-2-pyrrolidone 
(N MP), sulfolane, benZyl alcohol, cyclohexanol, phenol, for 
mic acid, m-cresol, p-cresol, tri?uoroacetic acid, glycerol, 
ethylene glycol, propylene glycol, and mixtures thereof. 
The concentration of EVAL in the polymer solution can be 

betWeen about 1 and 5 mass %, for example, about 2 mass %. 
An EVAL solution can be prepared by combining EVAL With 
a solvent or a mixture of solvents described above and by 
stirring the composition for about 2 to 4 hours at a tempera 
ture betWeen about 75° C. and about 85° C., for example, 
about 80° C. EVAL can be used to manufacture of the primer 
layer, drug-polymer layer, and/ or the topcoat layer. 
The polymer solution can be then applied on the stent by a 

commonly knoWn technique knoWn to those having ordinary 
skill in the art. For example, the primer layer, the drug 
polymer layer and/or the topcoat layer can be consecutively 
applied by spraying or dipping, folloWed by drying, for 
example, by baking. The baking can be also done betWeen 
applying of each layer. 

According to embodiments of the present invention, the 
coating can be baked in an oven at an elevated temperature, 
While the oven environment has a high relative humidity. The 
baking temperature can be Within a range of betWeen about 
30° C. and about 110° C., for example, about 80° C. 
The high humidity atmosphere can be created in the baking 

oven, for example, by having a tray or pan of Water inside the 
oven, spraying or misting Water inside the oven, or passing 
into the oven a Water fog or mist that is generated outside the 



US 8,007,855 B2 
3 

oven. The elevated humidity can be created during, and/or 
prior to, the baking process. The relative humidity of the oven 
environment Where the stent coating is baked can be Within a 
range of betWeen about 20% and about 100%, for example 
about 60%. The baking time can be betWeen about 10 minutes 
and about 240 minutes, for example, about 30 minutes. 
Among other bene?ts, the method of forming the stent coat 
ing according to embodiments of the present invention alloWs 
for faster drying time Without substantial increase in the bak 
ing temperature. It is believed that this process Will facilitate 
elimination of any residual or trace amounts of the solvent 
from the coating. 

In addition to EVAL, the formulation for making the drug 
polymer layer can additionally include an active agent or a 
drug Which can be incorporated into the EVAL solution. The 
amount of the drug can be betWeen about 0.1 and about 10 
mass % of the total mass of the formulation used to make the 
drug-polymer layer. The drug can include any substance 
capable of exerting a therapeutic or prophylactic effect for a 
patient. The drug may include small molecule drugs, pep 
tides, proteins, oligonucleotides, and the like. The drug could 
be designed, for example, to inhibit the activity of vascular 
smooth muscle cells. It can be directed at inhibiting abnormal 
or inappropriate migration and/or proliferation of smooth 
muscle cells to inhibit restenosis. 

Examples of drugs include antiproliferative substances 
such as actinomycin D, or derivatives and analogs thereof 
(manufactured by Sigma-Aldrich of MilWaukee, Wisconsin, 
or COSMEGEN® available from Merck). Synonyms of acti 
nomycin D include dactinomycin, actinomycin IV, actinomy 
cin I1, actinomycin X1, and actinomycin C 1. The active agent 
can also fall under the genus of antineoplastic, anti-in?am 
matory, antiplatelet, anticoagulant, anti?brin, antithrombin, 
antimitotic, antibiotic, antiallergic and antioxidant sub 
stances. Examples of such antineoplastics and/or antimitotics 
include paclitaxel (e.g. TAXOL® by Bristol-Myers Squibb 
Co., Stamford, Conn.), docetaxel (e.g. TAXOTERE®, from 
Aventis S. A., Frankfurt, Germany), methotrexate, aZathio 
prine, vincristine, vinblastine, ?uorouracil, doxorubicin 
hydrochloride (e.g. ADRIAMYCIN® from Pharrnacia & 
Upjohn, Peapack N.J.), and mitomycin (e.g. MUTAMY 
CIN® from Bristol-Myers Squibb Co., Stamford, Conn.). 
Examples of such antiplatelets, anticoagulants, anti?brin, and 
antithrombins include sodium heparin, loW molecular Weight 
heparins, heparinoids, hirudin, argatroban, forskolin, 
vapiprost, prostacyclin and prostacyclin analogues, dextran, 
D-phe-pro-arg-chloromethylketone (synthetic antithrom 
bin), dipyridamole, glycoprotein IIb/IIIa platelet membrane 
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receptor antagonist antibody, recombinant hirudin, and 
thrombin inhibitors such as ANGIOMAXTM (bivalirudin, 
Biogen, Inc., Cambridge, Mass.). Examples of such cyto 
static or antiproliferative agents include angiopeptin, angio 
tensin converting enZyme inhibitors such as captopril (e.g. 
CAPOTEN® and CAPOZIDE® from Bristol-Myers Squibb 
Co., Stamford, Conn.), cilaZapril or lisinopril (e.g. PRINI 
VIL® and PRINZIDE® from Merck & Co., Inc., Whitehouse 
Station, N.J.); calcium channel blockers (such as nifedipine), 
colchicine, ?broblast groWth factor (FGF) antagonists, ?sh 
oil (omega 3-fatty acid), histamine antagonists, lovastatin (an 
inhibitor of HMG-CoA reductase, a cholesterol loWering 
drug, brand name MEVACOR® from Merck & Co., Inc., 
Whitehouse Station, N.J.), monoclonal antibodies (such as 
those speci?c for Platelet-Derived GroWth Factor (PDGF) 
receptors), nitroprusside, phosphodiesterase inhibitors, pros 
taglandin inhibitors, suramin, serotonin blockers, steroids, 
thioprotease inhibitors, triaZolopyrimidine (a PDGF antago 
nist), and nitric oxide. An example of an antiallergic agent is 
permirolast potassium. Other therapeutic substances or 
agents Which may be appropriate include alpha-interferon, 
genetically engineered epithelial cells, tacrolimus, dexam 
ethasone, and rapamycin and structural derivatives or func 
tional analogs thereof, such as 40-O-(2-hydroxy)ethyl-rapa 
mycin (knoWn by the name of everolimus, available from 
Novartis), 40-O-(3-hydroxy)propyl-rapamycin, 40-O-[2-(2 
hydroxy)ethoxy]ethyl-rapamycin, and 40-O-tetraZole-rapa 
mycin. 
The method of the present invention can be used for fabri 

cating stent coatings including polymers that absorb at least 
about 1 mass % of Water When exposed to relative humidity of 
about 100%. EVAL, Which absorbs up to 5 mass % of Water 
When exposed to relative humidity of about 100%, is just one 
example of a polymer that can be used. Examples of suitable 
polymers other than EVAL include poly(N-vinylpyrrolidone) 
(PVP), ethyl cellulose, cellulose acetate, carboxymethyl cel 
lulose, cellulosics, chitin, chitosan, poly(vinyl alcohol), hep 
arin, dextran, dextrin, dextran sulfate, collagen, gelatin, 
hyaluronic acid, chondroitan sulfate, glycosaminoglycans, 
poly[(2-hydroxyethyl)methylmethacrylate], polyurethanes, 
poly(ether urethanes), poly(ester urethanes), poly(carbonate 
urethanes), thermoplastic polyesters, solvent soluble nylons, 
poly(acrylamide), poly(acrylic acid), copolymers of acrylic 
acid and acrylates, poly(methacrylic acid), copolymers of 
methacrylic acid and methacrylates, and blends thereof. Table 
1 is a summary demonstrating Which solvents can be used in 
conjunction With particular polymers in order to fabricate 
coatings according to embodiments of the present invention. 

TABLE 1 

Examples of Polymer-Solvent Compositions 

Example Polymer S o lvents 

1 EVAL 

2 Sodium Heparin 

DMSO, DMAC, DMF, NMP, formamide, 
cyclohexanol, sulfolane, benzyl alcohol, 
phenol, formic acid, m-cresol, p-cresol, 
tri?uoroacetic acid, glycerol, ethylene 
glycol, propylene glycol 
DMSO, DMAC, DMF, NMP, formamide, 
benzyl alcohol 

3 PVP Propylene glycol, ethylene glycol, 
formamide, glycerol, DMSO 

4 Hyaluronic Acid DMF, DMSO, formamide 
5 Poly(vinyl alcohol) DMSO, formamide 
6 TECOFLEX 80A poly(ester urethane) DMAC, DMF 
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The method of the present invention has been described in 
conjunction With a stent. However, the coating can also be 
used With a variety of other medical devices. The underlying 
structure of the device can be of virtually any design. The 
device can be made of a metallic material or an alloy such as, 
but not limited to, cobalt-chromium alloys (e.g., 
ELGILOY®), stainless steel (316L), “MP35N,” “MP20N,” 
ELASTINITE® (Nitinol), tantalum, tantalum-based alloys, 
nickel-titanium alloy, platinum, platinum-based alloys such 
as, e.g., platinum-iridium alloy, iridium, gold, magnesium, 
titanium, titanium-based alloys, Zirconium-based alloys, or 
combinations thereof. Devices made from bioabsorbable or 
biostable polymers can also be used With the embodiments of 
the present invention. 
“MP35N” and “MP20N” are trade names for alloys of 

cobalt, nickel, chromium and molybdenum available from 
Standard Press Steel Co. of JenkintoWn, Pa. “MP35N” con 
sists of 35% cobalt, 35% nickel, 20% chromium, and 10% 
molybdenum. “MP20N” consists of 50% cobalt, 20% nickel, 
20% chromium, and 10% molybdenum. 
Some embodiments of the present invention are illustrated 

by the folloWing Examples. 

EXAMPLE 1 

A polymer solution containing about 4.0 mass % EVAL 
and the balance, a solvent blend of DMAC and pentane, With 
a mass ratio betWeen DMAC and pentane of about 4:1 can be 
prepared. To prepare the polymer solution, EVAL can be 
combined With DMAC and the mixture can be stirred for 
about 2 hrs at a temperature of about 80° C. The solution can 
be applied onto a 13-mm TETRA stent (available from 
Guidant Corp.) to form a primer layer. To apply the primer 
layer, a spray apparatus, such as an EFD 780S spray noZZle 
With a VALVEMATE 7040 control system, manufactured by 
EFD, Inc. ofEast Providence, RI. canbe used. The EFD 780S 
spray noZZle is an air-assisted external mixing atomiZer. The 
composition can be atomiZed by air and applied to the stent 
surfaces. The atomiZation pressure can be about 0.1 MPa (15 
psi). During the process of applying the composition, the 
stent can be rotated about its longitudinal axis, at a speed of 
about 120 rpm. The stent can be also linearly moved along the 
same axis during the application. 
The EVAL solution canbe applied to the 13-mm TETRA in 

a series of 10-second passes, to deposit about 10 ug of coating 
per spray pass. Instead of the 13-mm TETRA stent, other 
suitable stents can also be used, for example, a 12-mm 
VISION stent (also available from Guidant Corporation). 
BetWeen the spray passes, the stent can be dried for about 10 
seconds using ?oWing air With a temperature of about 60° C. 
Five spray passes can be applied, folloWed by baking the 
primer layer in an oven. As the primer layer contains no active 
agent, the primer layer can be baked at a temperature at about 
1400 C. for about 1 hour. Optionally, the relative humidity in 
the oven during baking can be about 60% . As a result, a primer 
layer can be formed having a solids content of about 50 ug. 
“Solids” means the amount of the dry residue deposited on the 
stent after all volatile organic compounds (e.g., the solvent) 
have been removed. 
A drug-containing formulation can be prepared compris 

ing about 4.0 mass % EVAL, about 1.33 mass % EVEROLI 
MUS, and the balance, a solvent blend, the blend comprising 
DMAC and pentane in a mass ratio of about 4: 1 . EVAL can be 
combined With DMAC and the mixture can be stirred for 
about 2 hrs at a temperature of about 800 C. Pentane and 
EVEROLIMUS can then be added to the EVAL solution. 
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The drug-containing formulation can be sprayed to the 

primed stent. In a manner identical to the application of the 
primer layer, 26 spray passes can be performed, depositing 
about 20 ug of the Wet drug-polymer layer per each pass. The 
Wet drug-polymer layer can then be baked in an oven at about 
500 C. for about 1 hour, While relative humidity in the oven is 
maintained at about 60%, to form the dry drug-polymer layer 
having a solids content of about 460 ug. 

EXAMPLE 2 

A primer solution can be prepared and coated onto a 13 mm 
TETRA stent as described in Example 1. A drug-containing 
formulation can be prepared comprising about 4.0 mass % 
EVAL, about 2.0 mass % paclitaxel, and the balance, a solvent 
blend of DMAC and tetrahydrofuran (THF), the blend having 
a mass ratio betWeen DMAC and THE of about 3:2. EVAL 
can be combined With DMAC and the mixture stirred for 
about 2 hours at a temperature of about 80 C. THE and 
paclitaxel can then be added to the EVAL solution. 

The drug containing formulation can be sprayed onto the 
primed stent. In a manner identical to the application of the 
primer layer, nine spray passes can be performed, depositing 
about 20 ug of the Wet formulation per each spray pass. The 
Wet drug-polymer layer can then be baked in an oven at about 
600 C. for about one hour, While the relative humidity in the 
oven is maintained at about 60%, to form a the drug-polymer 
layer having a solids content of about 150 ug. 
A topcoat formulation can be prepared comprising about 

2.2 mass % EVAL, about 1.5 mass % sodium heparin, and the 
balance, a solvent blend of formamide, methanol and DMAC, 
the blend having a mass ratio betWeen formamide, methanol 
and DMAC of about 1:1:3. EVAL can be combined With 
DMAC and the mixture can be stirred for about 2 hours at a 
temperature of about 800 C. Sodium heparin can be dissolved 
in the blend of formamide and methanol. The EVAL solution 
can then be added to the heparin solution. This topcoat for 
mulation can be sprayed onto the dry drug-polymer layer. In 
a manner identical to the application of the primer and drug 
polymer layers, four spray passes can be performed, depos 
iting about 20 ug of the Wet topcoat per spray pass. The Wet 
topcoat layer can then be baked in an oven at about 600 C. for 
about one hour, While the relative humidity in the oven is 
maintained at about 60%, to form a topcoat layer having a 
solids content of about 60 ug. 

EXAMPLE 3 

A polymer solution containing about 2.0 mass % of poly 
(butyl methacrylate) (PBMA) and the balance, a blend of 
acetone and xylene having a mass ratio betWeen acetone and 
xylene of about 3:2 can be prepared. To prepare the polymer 
solution, PBMA can be combined With acetone and the mix 
ture can be stirred for about 1 hour at 600 C., folloWed by 
adding xylene. The solution can be sprayed onto a stent to 
form a primer layer as described in Example 1. The PBMA 
solution can be applied to a 13-mm TETRA stent in a series of 
10-second passes, to deposit about 10 ug of the polymer 
solutionper spray pass. BetWeenpasses, the stent canbe dried 
at ambient temperature for about 10 seconds using ?oWing 
air. Five spray passes can be applied, folloWed by baking the 
Wet primer layer in an oven at about 800 C. for about 30 
minutes. As a result, a primer layer can be formed having a 
solids content of about 50 ug. 
A drug-containing formulation can be prepared compris 

ing about 4.0 mass % BIONATE 55D, about 2.0 mass % 
rapamycin, and the balance, a solvent blend of DMAC and 
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THE, the blend having a mass ratio between DMAC and THE 
of about 1 :1 . BIONATE 55D is a trade name of a thermoplas 
tic polycarbonate-urethane elastomer formed as the product 
of the reaction betWeen a hydroxyl-terminated polycarbon 
ate, an aromatic diisocyanate, and a loW molecular Weight 
glycol used as a chain extender. BIONATE 55D is available 
from The Polymer Technology Group Incorporated of Ber 
keley, Calif. BIOANATE 55D can be combined With DMAC 
and the mixture can be stirred for about 6 hrs at a temperature 
of about 80° C. THE and rapamycin can then be added to the 
BIONATE 55D solution. 

The drug containing formulation can be sprayed onto the 
primed stent. In a manner identical to the application of the 
primer layer, 27 spray passes can be performed, depositing 
about 20 pg per spray pass. The Wet drug-polymer layer can 
then be baked in an oven at about 60° C. for about one hour, 
While the relative humidity in the oven is maintained at about 
60%, to form a the drug-polymer layer having a solids content 
of about 500 pg. 

EXAMPLE 4 

Aprimer solution canbe prepared and coated onto a 13 mm 
TETRA stent as described in Example 1. A drug-containing 
formulation can be prepared and coated on the stent as 
described in Example 2, except the baking of the Wet drug 
polymer layer can be carried out at about 100% relative 
humidity in a sealed vessel. First, a sealed vessel containing 
deioniZed Water can be placed in an oven set to about 50° C. 
and alloWed to equilibrate. The stent having Wet drug-poly 
mer layer coated thereon can be placed into the vessel, fol 
loWed by closing the vessel andbaking at about 50° C. for tWo 
hours. The stent is positioned in the vessel in such as Way as 
to not make contact With the deioniZed Water. 

While particular embodiments of the present invention 
have been shoWn and described, it Will be obvious to those 
skilled in the art that changes and modi?cations can be made 
Without departing from this invention in its broader aspects. 
Therefore, the appended claims are to encompass Within their 
scope all such changes and modi?cations as fall Within the 
true spirit and scope of this invention. 
What is claimed is: 
1. A method for coating an implantable medical device, the 

method comprising: 
(a) applying a polymer composition onto the implantable 

medical device, the polymer composition comprising a 
solution of a polymer in a solvent Wherein the solvent of 
the solution comprises a solvent having a boiling point 
greater than about 120° C. at atmospheric pressure and/ 
or Wherein the solvent of the solution comprises a sol 
vent having a vapor pressure less than about 15 Torr at 
20° C.; and 

(b) drying the polymer composition for a period of time at 
a drying temperature betWeen 30° C. and 110° C. in an 
environment having a relative humidity betWeen about 
20% and about 100%, 

Wherein the polymer is selected from the group consisting 
of a vinyl polymer, a polyester, and a polysaccharide. 

2. The method of claim 1, Wherein the implantable medical 
device is a stent. 

3. The method of claim 1, Wherein the relative humidity is 
about 60%. 

4. The method of claim 1, Wherein the drying temperature 
is about 80° C. 

5. The method of claim 1, Wherein the polymer absorbs 
about 1 mass % or more of Water When exposed to relative 
humidity of about 100%. 
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6. The method of claim 5, Wherein the polymer absorbs 

about 5 mass % of Water. 
7. The method of claim 1, Wherein the vinyl polymer is 

selected from the group consisting of poly(ethylene-co-vinyl 
alcohol), poly(N-vinylpyrrolidone), poly(vinyl alcohol), and 
blends thereof. 

8. The method of claim 1, Wherein the polyester is selected 
from the group consisting of thermoplastic polyesters, sol 
vent soluble nylons, and blends thereof. 

9. The method of claim 1, Wherein the polysaccharide is 
selected from the group consisting of ethyl cellulose, cellu 
lose acetate, carboxymethyl cellulose, cellulosics, chitin, chi 
tosan, heparin, dextran, dextrin, dextran sulfate, collagen, 
gelatin, hyaluronic acid, chondroitan sulfate, glycosami 
noglycans, and blends thereof. 

10. The method of claim 1, Wherein the solvent of the 
solution comprises a solvent having a boiling point greater 
than about 130° C. at atmospheric pressure. 

11. The method of claim 1, Wherein the solvent of the 
solution comprises a solvent having a vapor pressure less than 
about 10 Torr at 20° C. 

12. The method of claim 1, Wherein the solvent having a 
boiling point greater than about 120° C. at atmospheric pres 
sure and/ or the solvent having a vapor pressure less than about 
15 Torr at 20° C. is selected from the group consisting of 
dimethylacetamide, dimethylsulfoxide, dimethylformamide, 
formamide, N-methyl-2-pyrroidone, sulfolane, benZyl alco 
hol, cyclohexanol, phenol, formic acid, m-cresol, p-cresol, 
tri?uoroacetic acid, glycerol, ethylene glycol, propylene gly 
col, xylene and mixtures thereof. 

13. The method of claim 1, Wherein the drying time is 
betWeen about 10 minutes and about 240 minutes. 

14. The method of claim 1, Wherein the polymer compo 
sition additionally comprises a therapeutic substance. 

15. A method for coating an implantable medical device, 
the method comprising: 

(a) applying a coating material comprising a polymer and a 
solvent to the implantable medical device Wherein the 
solvent of the coating material comprises a solvent hav 
ing a boiling point greater than about 120° C. at atmo 
spheric pressure and/or Wherein the solvent of the coat 
ing material comprises a solvent having a vapor pressure 
less than about 15 Torr at 20° C.; and 

(b) drying the coating material in an oven for a period of 
time at a drying temperature betWeen 30° C. and 1 10° C., 
Wherein the oven has a relative humidity betWeen about 
20% and about 100%, 

Wherein the polymer is selected from the group consisting 
of a vinyl polymer, a polyester, and a polysaccharide. 

16. The method of claim 15, Wherein the relative humidity 
is betWeen about 60% and about 100%. 

17. The method of claim 15, Wherein the implantable medi 
cal device is a stent. 

18. The method of claim 15, Wherein the coating material 
additionally comprises a drug. 

19. A method for coating an implantable medical device, 
the method comprising: 

(a) applying a polymer composition onto the implantable 
medical device, the polymer composition comprising a 
solution of a polymer in a solvent Wherein the solvent of 
the solution comprises a solvent having a boiling point 
greater than about 120° C. at atmospheric pressure and/ 
or Wherein the solvent of the solution comprises a sol 
vent having a vapor pressure less than about 15 Torr at 
20° C.; and 

(b) drying the polymer composition for a period of time 
betWeen about 10 minutes and about 240 minutes at a 
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drying temperature between 30° C. and 110° C. in an 
environment having a relative humidity betWeen about 
20% and about 100%; 

Wherein the polymer is a urethane-based polymer. 
20. The method of claim 19, Wherein the urethane-based 

polymer is selected from the group consisting of polyure 
thanes, poly(ether urethanes), poly(ester urethanes), poly 
(carbonate urethanes), and blends thereof. 

21. A method for coating an implantable medical device, 
the method comprising: 

(a) applying a coating material comprising a polymer and a 
solvent to the implantable medical device Wherein the 
solvent of the coating material comprises a solvent hav 
ing a boiling point greater than about 120° C. at atmo 
spheric pressure and/or Wherein the solvent of the coat 
ing material comprises a solvent having a vapor pres sure 
less than about 15 Torr at 20° C.; and 

(b) drying the coating material in an oven for a period of 
time betWeen about 10 minutes and about 240 minutes at 
a drying temperature betWeen 30° C. and 110° C., 
Wherein the oven has a relative humidity betWeen about 
20% and about 100%; 

Wherein the polymer is a urethane-based polymer. 
22. The method of claim 19, Wherein the polymer compo 

sition additionally comprises a therapeutic substance. 
23. The method of claim 19, Wherein the implantable medi 

cal device is a stent. 

24. A method for coating an implantable medical device, 
the method comprising: 

(a) applying a polymer composition onto the implantable 
medical device, the polymer composition comprising a 
solution of a polymer and a therapeutic substance in a 
solvent Wherein the solvent of the solution comprises a 
solvent having a boiling point greater than about 120° C. 
at atmospheric pressure and/or Wherein the solvent of 
the solution comprises a solvent having a vapor pressure 
less than about 15 Torr at 20° C.; and 
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(b) drying the polymer composition for a period of time at 

a drying temperature betWeen 30° C. and 110° C. in an 
environment having a relative humidity betWeen about 
20% and about 100%. 

25. A method for coating an implantable medical device, 
the method comprising: 

(a) applying a polymer composition onto the implantable 
medical device, the polymer composition comprising a 
solution of a polymer in a solvent Wherein the solvent of 
the solution comprises a solvent having a boiling point 
greater than about 120° C. at atmospheric pressure and/ 
or Wherein the solvent of the solution comprises a sol 
vent having a vapor pressure less than about 15 Torr at 
20° C.; and 

(b) drying the polymer composition for a period of time 
betWeen about 10 minutes and about 240 minutes at a 
drying temperature betWeen 30° C. and 110° C. in an 
environment having a relative humidity betWeen about 
20% and about 100%. 

26. A method for coating an implantable medical device, 
the method comprising: 

(a) applying a polymer composition onto the implantable 
medical device, the polymer composition comprising a 
solution of a polymer in a solvent Wherein the solvent of 
the solution comprises a solvent having a boiling point 
greater than about 120° C. at atmospheric pressure and/ 
or Wherein the solvent of the solution comprises a sol 
vent having a vapor pressure less than about 15 Torr at 
20° C.; and 

(b) drying the polymer composition for a period of time at 
a drying temperature betWeen 30° C. and 110° C. in an 
environment having a relative humidity betWeen about 
20% and about 100%; 

Wherein for the solvent in the composition having a boiling 
point greater than about 120° C. at atmospheric pressure 
and/or the solvent having a vapor pressure less than 
about 15 Torr at 20° C., all or most of the solvent removal 
occurs during the drying operation. 

* * * * * 


